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Abstract

We present a review of galanin in the brain from a historical perspective of the development of “chemoarchitectonics” and “brain
cartography” accomplished in the Histopharmacology Section at the National Institutes of Health. It was the mapping of potential brain
neuroregulators that served as a springboard of ideas from which behavioral studies emanate. The integration of the known localization
of neurotransmitter/neuromodulatory nerves (“chemoarchitectonic maps”) and receptor binding sites with biochemical data derived from
brain micropunches coupled with behavioral analysis at the level of discrete brain allows one to define the anatomical circuits which support
behavioral changes and which ultimately will improve our understanding of mental disorders.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction and historical perspective [38]; atrial naturetic factof39]; corticotropin releasing fac-
tor [85]; galanin[88]; calcitonin gene-related peptid@3];
| am very pleased that the immunohistochemical mapping melanin concentrating hormone-like pept{@d]; atrial na-
of galanin-containing neurons in the rat CN&3] in my triuretic factor[89] in addition to an atlas of the chemoar-
laboratory was one of the most cited papers ever publishedchitectonics of the developing mouse br{#d]. The major
in Peptides. This paper was part of a series of publications “depository” of information concerning sites of localization
in Peptides that was also highly citef70,83,84,87,92]At for potent brain neurochemicals has given birth to a field of
NIMH, my section on Histopharmacology is a unique labo- neuroscience that | have described as “Brain Cartography”.
ratory dedicated to the belief that the challenge of uncovering In the 1970s, our Section was involved with studies
the secrets to brain function lies in the unraveling of neuronal concerning major neurotransmitters and their associated
connectivity. To this end, a portion of our work has been receptor binding sites. In addition to histochemical and im-
involved in mapping of neuronal systems of the brain. The munocytochemical studies concerning the mapping of the
guiding principle is that knowledge of the building blocks localization of brain neuronal systems, another major pro-
gives us clues about both how the nervous systems operatgram was underway regarding the biochemical mapping of
and how they might fail due to disease and injury. Our labo- the discrete localization of neurochemicals within the brain.
ratory has produced complete maps of 12 whole brain neu-The “micropunch” techniqug30,72] is a uniqgue method
ronal systems—more than have come out of any other lab-whereby discrete nuclei are “punched” out of fresh and
oratory in the world: catecholamines/serotof3,36,73] frozen brain slices and collected in appropriate diluents. A
a-melanocyte stimulating hormorj@4]; bovine pancreatic ~ variety of neurochemicals were assayed by several methods
polypeptidg68]; motilin [35]; gonadotropin releasing factor ~ such as the radiomicroenzymatic procedures for neurotrans-
mitters/enzymes and radioimmunoassays for peptides that
% DO of original article: 10.1016/0196-9781(85)90118-4. were available at that time. _
* Corresponding author. Tek: 1-301-295-3519; fax:t-1-301-295-3566. These neurochemical maps were very useful adjuncts
E-mail address: dwj@helix.nih.gov (D.M. Jacobowitz). to the histochemical maps that were already published.

0196-9781/$ — see front matter © 2004 Elsevier Inc. All rights reserved.
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Important findings evolved from this technology using
stereotaxic lesions in the brain to determine sites of lo-
calization of major neuronal pathways emanating from a
single source such as the locus coeruleus for noradrenergic
pathways and the arcuate nucleus d@MSH (proopiome-
lanocortin, POMC) pathways. We were also able to study the
influence of a variety of behaviors, stressors and genetic mu-
tants on specific neurochemicals. Thus, it was the mapping
of potential brain neuroregulators that served as a spring-
board of ideas from which behavioral studies emanate. For
example, knowledge of the localization of peptides in the
brain enabled us to use a discrete microinjection technique to
examine the effects on blood pressure and heart rate follow-
ing injections of a variety of neuropeptides-{SH, TRH,
bradykinin, dermorphin, CGRP, ANF) into discrete nuclei
of the hypothalamus and preoptic area (Ee2-16,66,80].

The data demonstrated the diversity of central cardiovascu-
lar actions of these peptides and emphasized the advantag
of microinjection methods in defining central cardiovascu-
lar effects. Unlike either intracerebroventricular injections
or electrical stimulations, the results of which represent a
more widespread involvement of neuronal structures, intra-
parenchymal injections allowed us to localize the discrete
anatomical sites for cardiovascular actions and to provide
preliminary information on the peripheral mechanism(s)
responsible for the effects elicited at each site by each
peptide.

In summary, the integration of the known localization
of neurotransmitter/neuromodulatory nerves (“maps”) and
receptor binding sites with biochemical data derived from
brain micropunches coupled with behavioral analysis at
the level of discrete brain nuclei allows one to define the
anatomical circuits which support behavioral changes and
which ultimately will improve our understanding of mental
disorders.

2. Stereotaxic atlas of galanin distribution

Rational approaches to the study of the function of cen-
tral galanin require the knowledge of the distinct localization
of the peptide and the receptors in the central nervous sys-
tem. In this work we review detailed stereotaxic maps of the
distribution of galanin-ir neurons and receptor binding sites
in the rat brain using indirect immunofluorescence meth-
ods and in vitro autoradiographic techniques. A comparison
of the localization of peptide, receptor binding sites is pre-
sented, as well as quantitative values of galanin-ir in dis-
crete regions of the rat brain and the distribution of galanin

e

mRNA-labeled cells and studies on the characterization of

Immunohistochemical mapping of galanin-like
neuronsin therat central nervous system

Gerhard Skofitsch, David M. Jacobowitz
Peptides 1985;6:509-46

Abstract

Using an antiserum generated in rabbits againpst
synthetic galanin (GA) and the indirectimmunofluores-
cence method, the distribution of GA-like immunore-
active cell bodies and nerve fibers was studied in the [rat
central nervous sytem (CNS) and a detailed stereotaxic
atlas of GA-like neurons was prepared. GA-like i
munoreactivity was widely distributed in the rat CNS.
Appreciable numbers of GA-positive cell bodies were
observed in the rostral cingulate and medial prefrontal
cortex, the nucleus interstitialis striae terminalis, the
caudate, medial preoptic, preoptic periventricular, apd
preoptic suprachiasmatic nuclei, the medial forebrain
bundle, the supraoptic, the hypothalamic periventricu-
lar, the paraventricular, the arcuate, dorsomedial, per-
ifornical, thalamic periventricular, anterior dorsal an
lateral thalamic nuclei, medial and central amygdalojid
nuclei, dorsal and ventral premamillary nuclei, at the
base of the hypothalamus, in the central gray mat
the hippocampus, the dorsal and caudoventral raphe
clei, the interpeduncular nucleus, the locus coerule
ventral parabrachial, solitarii and commissuralis nuclei,
in the Al, Cl and A4 catechaolamine areas, the pos
rior area postrema and the trigeminal and dorsal rg
ganglia. Fibers were generally seen where cell bod
were observed. Very dense fiber bundles were noteqg
the septohypothalamic tract, the preoptic area, in the
hypothalamus, the habenula and the thalamic periven-
tricular nucleus, in the ventral hippocampus, parts [of
the reticular formation, in the locus coeruleus, the dar-
sal parabrachial area, the nucleus and tract of the spjnal
trigeminal area and the substantia gelatinosa, the su-
perficial layers of the spinal cord and the posterior lobe
of the pituitary. The localization of the GA-like im-
munoreactivity in the locus coeruleus suggests a partial
coexistence with catecholaminergic neurons as well|as
a possible involvement of the GA-like peptide in a ney-
roregulatory role.

Keywor ds: Galanin; Rat; Brain; Central nervous sys
tem; Sensory ganglia; Immunohistochemistry
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the molecular heterogeneity of galanin-ir in certain areas.
We also review the colocalization of galanin-ir with classical

In situ hybridization histochemistry (ISHH) comple-

neurotransmitters, amines and other neuropeptides in brairments the ability of standard immunocytochemical pro-

and related structures, the central actions of galanin on thecedures to detect cellular peptides and proteins, be-
control of biogenic amines and the release of a variety of cause the combined use of these techniques provides a
neurochemicals. cross-check of their specificity. Similar patterns of cellu-
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lar staining found when using both of these techniques of *?%-galanin binding sites. A complete stereotaxic map-
provide confirmation of hybridization probe and anti- ping of galanin-ir cell bodies and fibers is presented in
serum specificity. ISHH may also extend immunocyto- Figs. 1-9 Galanin binding sites were found to be distributed
chemistry results by addressing the issue of whether ain discrete areas of the rat brain. Autoradiographic images
positively stained cell has synthesized the detected peptideand corresponding schematic drawings of anterior olfac-
or acquired it by means of uptake from the extracellular tory regions of the rat brain showing galanin receptors are
space. A complete mapping of the distribution of galanin shown inFig. 1Q Fig. 11shows darkfield photomicrographs
mRNA-labeled cells was prepared and compared with of galanin mRNA-containing neurons in the arcuate nu-
maps of immunoreactive cell bodies of colchicine-treated cleus/median eminence, supraoptic nucleus, subfornical or-
rats. gan and cerebellum Purkinje cells (988] for additional

A complete stereotaxic atlas showing the discrete distribu- photographs).
tion of galanin-immunoreactive (ir) nerves and cell bodies,
mRNA-labeled cells and receptor binding sifé88,92]was
prepared according to the maps of Jacobowitz and Palkovits3. Receptor autoradiography
and Palkovits and Jacobowif36,73], using indirect im-
munofluorescence techniqu&$ with modifications to stan- Using autoradiographic techniques antf°[]-galanin
dard immunocytochemical procedures described in detail (New England Nuclear, Boston, MA; specific activity
previously[83,86,88,89] Stereotaxic coordinates were de- 2200 Ci/mmol) receptor binding sites have been demon-
fined according to the atlases of Kdnig and Klipp&l] and strated in coronal sections throughout the rat bi&ia].
Paxinos and Watsof75]. From the very beginning of receptor autoradiography it has

Untreated rats and rats pretreated with colchicine (i.c.v.) become apparent that neuropeptide receptor binding sites
2 days prior to the experiment were perfused via the heartare not always located in close proximity to neurotransmit-
with 10% formalin. The brain and spinal cord were re- ter containing neuronal fibers or terminal fiel@?]. Such
moved and frozen on dry ice. Coronal cryostat sections ‘mismatches’ are the subject of considerable speculation.
(20.m) were processed for indirect immunocytochemistry. Nevertheless autoradiography and topographical localiza-
The sections were incubated in the galanin antiserum di- tion of neuropeptide binding sites are important dimensions
luted 1:1000 to 1:2000 for 3 days followed by an incuba- which allow us to demonstrate potential sites of release and
tion in FITC conjugated goat anti-rabbit IgG diluted 1:400 action of neuropeptides in the brain.
for 30 min. Fluorescence was monitored using a Leitz Or-  Very dense binding sites were observed in the central,
thoplan fluorescence microscope equipped with a dark-field medial, basal and cortical nuclei of the amygddiense
condenser and a Ploempak illuminator. The antiserum usedgalanin binding appeared to build a continuity between the
was raised in rabbits against synthetic porcine galanin cou-prefrontal cortex and the anterior nucleus of the olfactory
pled to human thyroglobulin by the carbodiimide reaction bulb. Dense binding sites were also noted in the dorsal sep-
[20] and was obtained commercially (Peninsula Labs, Bel- tal nucleus, the dorsal bed nucleus of the stria terminalis
mont, CA). The following substances did not cross-react close to the internal capsule the ventral pallidum, the inter-
in galanin-radioimmunoassay (RIA) up to 10ng per tube: nal medullary lamina of the thalamus and the medial pre-
substance P; vasopressin; neurokinin A; the neuromedinstectal nucleus. In the hindbrain dense galanin binding sites
B, C and K; kassinin; eledoisin; physalaemin; bombesin; were found in the borderline area of the spinal trigeminal
rat-calcitonin-gene related peptide; and vasoactive intesti- nucleus towards the spinal trigeminal tract with a continuity
nal polypeptide. The last four carboxy-terminal amino acids to the substantia gelatinosa and the superficial layers (layers
of galanin are structurally similar to physalaemin and sub- | and Il) of the spinal cord.
stance P. Otherwise the amino acid sequence of galanin did A comparison of the distribution of the galanin binding
not correspond to that of any other known pep{i@i€]. As sites with the localization of galanin-ir fibers reveals a good
an immunohistochemical control, the antiserum was pread- correlation of high-density immunoreactive fibers and bind-
sorbed with 1wM synthetic galanin, which resulted in a ing sites in most of the thalamic and hypothalamic nuclei
complete loss of immunostaining in all areas investigated. and the sensory terminal areas of the medulla oblongata
Preadsorption of the antiserum with LM synthetic sub- and the spinal cord. Mismatches between nerves and bind-
stance P, somatostatin, cholecystokinin 8, vasoactive intesti-ing sites (i.e., dense binding sites and sparse numbers of
nal polypeptide, vasopressin, corticotropin releasing factor nerves) were observed in the olfactory tubercle, the piriform
and rat calcitonin-gene-related peptide did not visibly affect cortex, the superior colliculus, the nucleus of the lateral
the immunostaining. olfactory tract and the nucleus accumbens. The significance

The galanin antiserum revealed a discrete localization of of mismatches between neuronal varicosities and receptor
cell bodies and fibers throughout the rat central nervous sys-binding sites is a matter of speculatifig?]. The absence
tem. Galanin-ir cell bodies were observed in colchicine pre- of histochemically demonstrable terminal fibers may be a
treated rats only; nerve fibers were observed in colchicine reflection of neuronal populations in certain discrete areas
pretreated, untreated rats and autoradiographic distributionwhich lack peptide binding sites within terminal fields.
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Figs. 1-9. Schematical drawings representing a complete stereotaxic mapping of galanin mRNA containing neurons (dots, far left), galaniadtivewunore
neuronal cell bodies (left, asterisks), immunoreactive nerves and fibers (right, shadings) and galanin receptors (far right, shadings) mir @ eat@es

system. Terminology and modified planes are based on the atlases of Paxinos and Watson (1982, 1986), arranged from rostral to caudal. Coordinates &
given in mm anterior or posterior to the interaural plane (level 0.00). The symbols do not represent quantitative distribution of labeled neurons.
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Figs. 1-9. Continued)

These areas may reflect a high turnover of the peptide. Fixa-colliculus and the nucleus accumbens suggests the presence
tion perfusion with formalin could easily result in diffusion of the peptide, which may have been depleted following
of the small amount of peptide present. The presence offixation perfusion. Such a poor peptide binding capacity,
radioimmunoassayable galanin in areas such as the superiocoupled to a site of dense receptor binding, can be offered as
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Figs. 1-9. Continued)

an explanation for mismatches observed with other neuro-flection of a very active modulation of olfactory function by

chemicals. galanin. It is interesting that the rhinencephalon, i.e., those
The high density of binding sites in the nucleus of the structures of the central nervous system that receive fibers

lateral olfactory tract and the piriform cortex may be a re- from the olfactory bulb (e.g., the anterior olfactory nucleus,
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Figs. 1-9. Continued)

the olfactory tubercle, parts of the amygdaloid complex and the periamygdaloid cortices, also contains abundant receptor
the piriform cortex), was outstanding in terms of receptor binding sites. This further focuses attention on the possible
binding sites. Furthermore, the piriform lobe, which con- involvement of galanin in olfactory sensation. The autora-
tains the entorhinal cortex in addition to the prepiriform and diographic data suggest a ‘functional connectivity’ between
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Figs. 1-9. Continued)

the anterior olfactory nucleus and the prefrontal cortex. This ulatory influences between these systems. This could allow
suggests a site where the limbic system may directly receivethe animal to cope with environmental olfactory cues.
olfactory impulses. Such a receptor ‘connectivity’ between It is also interesting that most of the efferent projections
the olfactory system and the limbic system suggests mod-of the amygdaloid complex as reported in the rat, cat or
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Figs. 1-9. Continued)

monkey [76] contain dense binding sites. Projections to clei all contain prominent galanin receptor binding sites.
the cortex (prefrontal, insular), the medial thalamus, the Rostral projections from the central amygdaloid nucleus
hippocampus (subiculum) and the medial hypothalamus (bed nucleus of the stria terminalis) and caudal projec-
(ventromedial, premamillary, medial preoptic and anterior tions (ventral tegmental area, substantia nigra compacta,
hypothalamic nuclei) which emanate from amygdaloid nu- peripeduncular nucleus, reticular formation, dorsal raphe,
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9. Continued)

Figs. 1
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Figs. 1-9. Continued)
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Figs. 1-9. Continued).

central gray, parabrachial nuclei) all contain an appre- ons in the stria terminalis suggests the presence of auto-
ciable concentration of binding sites. Very dense galanin receptors.

binding noted in the stria terminalis constitutes a possible The dense appearance of galanin binding sites in the sen-
pathway for amygdala axons containing galanin receptors. sory terminal areas of the medulla and the spinal cord where
The possibility of galanin-containing receptor-binding ax- galaninis colocalized with other sensory neuropeptides, e.g.,
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the rat[62]. A large number of cholinergic neurons of the
medial septal nucleus and the diagonal band also stained
positive for galanin-ir but it was not seen in all cholinergic
neurons of the basal forebrain. For example, although the
nucleus basalis of Meynert has been shown to give rise to
a cholinergic projection to the hippocampii3®,64] it did
not contain galanin-ir. True blue injections into the ventral
part of the hippocampus resulted in retrograde staining of
galanin-ir and ChAT-ir neurons in the medial septal nucleus
14.70 and the ventral portion of the diagonal band, whereas dye in-
jection into the dorsal part of the hippocampus did not reveal
galanin-ir cells in the forebrain. Three different morpholog-
ical types of galanin-ir fibers in the rat hippocampus were
described63]: (a) a fine galanin-ir network of fibers in most
parts of the hippocampal formation; (b) coarse, strongly im-
munoreactive fibers in the strata radiatum and oriens of the
ventral CA3 region; (c) fine punctate fibers mainly within the
granule cell layers and the pyramidal cell layer. Lesion stud-
ies of different afferent pathways to the hippocampus show
that these fibers belong to cholinergic and catecholaminer-
14.90 gic projectiong63]. Among cholinergic projections, the au-
thors revealed, there are two pathways for cholinergic fiber
projections to the hippocampus: the largest inputs to the
hippocampus are contained in the dorsal pathways (dorsal
fornix, fimbria and supracallosal striae), whereas there seems
to be another minor subcortical ventral pathway of choliner-
gic neurons from the diagonal band nucleus. Transsection of
the dorsal pathways resulted in the almost complete disap-
pearance of fine galanin-ir fibers in the dorsal portion of the
hippocampal formation but were spared in the more ventral
sections. Coarse fibers were almost completely abolished
Fig. 10. Autoradiographic image and corresponding schematical draw- throughout the dorsal hippocampal formation, as was the
ings of the most anterior olfactory regions of the rat brain showing ex- fine punctate fiber population. As a result of dorsal pathway

tremely dense galanin receptor accumulations in areas which exhibit only . . .
very sparse or are devoid of any substantial innervation with galanin lesions, cell bodies of the dlagonal band had a retrograde

15.70

immunoreactive nerves. accumulation of galanin-ir material. Transsection of the ven-
tral pathway resulted in a depletion of the fine galanin-ir
substance P and calcitonin gene-related pegfiée27,40] fibers seen in the ventral planes of the hippocampal forma-
suggests a heavy involvement of galanin in the modulation tion, while only slightly influencing them at dorsal levels.
of sensory nociceptive information. Coarse fibers were not affected and galanin-ir puntate fibers

were slightly depleted in the most ventral planes. As a re-
sult of the ventral transsection few cell bodies of the lateral
4. Coexistence with other neurotransmitter systems aspects of the diagonal band nucleus showed a build-up of
galanin-ir material. Ibotenic acid lesions of the medial sep-
The widespread distribution of galanin-ir within the cen- tum and the diagonal band caused small decreases in fine
tral nervous system suggest the multiple coexistence of thisgalanin-ir fibers adjacent to pyramidal and granule cell lay-
peptide with several other neurotransmitters and neuropep-ers. However, no effect on coarse fibers was seen.
tides. There is increasing interest in coexisting neurotrans-  Essentially, all AChE-staining cell bodies within the me-
mitters, since there are functional indications that neuronal dial septal nucleus, the diagonal band and the nucleus basalis
signaling can be modulated by cocontained substances.  (substantia innominata) were shown to cocontain galanin-ir
in the owl monkey. In the hippocampus and the dentate gyrus
4.1. Galanin in cholinergic neurons—galanin-ir and AChE-containing fibers appeared to contain galani@-1y.
choline acetyltransferase-ir or acetylcholinesterase-ir A more extensive coexistence of the cholinergic forebrain
projection to the hippocampus was shown to exist in the
The coexistence of galanin-ir with choline acetyltrans- owl monkey compared with the rat. The authors suggest that
ferase (ChAT)-ir has been shown in somata of the septum-this signified a greater functional significance to forebrain
basal forebrain complex projecting to the hippocampus in cholinergic—galanin interaction in higher animals.
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Fig. 11. Darkfield photomicrographs of galanin mRNA containing neurons in: (A) the arcuate nucleus next to the median eminence (ME; level 6.70);
(B) the supraoptic nucleus next to the optic chiasm (OX). Part (C) shows a brightfield image of the subfornical organ (SFO; upper part), arrows indicate
the position of galanin mRNA containing neurons visible in the darkfield photomicrographs (lower part). Part (D) shows a brightfield enlargement of th
cerebellum (upper part), arrows indicate Purkinje cells containing galanin mRNA as shown in the darkfield photomicrographs (lower part).

The coexistence of galanin-ir in cholinergic neurons of nucleus[17,60] (the so-called A12 TH cell groups, accord-
the septum-basal forebrain complex projecting to the hip- ing to Dahlstrom and Fuxgl1] and Hokfelt et al[24,25]).
pocampus seems to be important with respect to a possibleCoexistence of galanin-ir and TH-ir was also observed at
participation in Alzheimer’s disease, which has been shown the base of the brain lateral to the ventromedial nucleus.
to involve degeneration of cholinergic septal-basal forebrain A few cells showing coexistence were also found in the
neurons and loss of cholinergic input to the hippocampus dorsolateral aspects of the ventromedial nucl@@®§. The

[62]. A6 (locus coeruleus) and the A4 TH cell groups contained
the highest numbers of coexisting cells. In addition, the A1

4.2. Galanin in catecholaminergic neurons—galanin-ir TH cell groups located dorsolateral to the lateral reticular

and tyrosine hydroxylase-ir nucleus mostly contained galaninfg0]. No evidence was

found, however, that the C1 adrenaline cell group coexisted
Galanin-ir was found to coexist with tyrosine hydroxylase- with TH-ir were also found in the dorsal vagal comp[6g].
ir (TH-ir) in several areas of the rat brain, e.g., the arcuate There was no evidence that galanin was colocalized within
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phenylethanolamin&-methyltranserase-ir (PNMT-ir) adre- and pallidus. Double staining was also seen at the nerve
nergic cells, e.g., in the C1 cell group close to the ambigu- fiber level in the hippocampal formation, particularly in the
ous nucleu$49,60] granule cell layer of the gyrus dentatus.

Galanin coexistence in noradrenergic neurons was de- The rat tuberomamillary nucleus cells were shown to con-
scribed in a study whereby the immunoreactivity of galanin tain both galanin-ir and HD-ir, which is used as a marker for
and DBH was coupled to axonal transport techniques in or- histamine-containing neurofé3]. Fast blue injections and
der to demonstrate afferent inputs into the paraventricular retrograde labeling has shown that the cells of the tubero-
nucleus. Galanin was found to coexist with DBH-ir in A1, mamillary nucleus also project to the ventral hippocampus
A6 (locus coeruleus) and the dorsomedial hypothalamic nu- [43].
cleus which projected to the paraventricular nuclgtgy.

Galanin-ir and DBH-ir doubly labeled cells which projected 4.5. Galanin coexisting with neuropeptides—galanin-ir

to the paraventricular nucleus were also found in the lateral and vasopressin-ir (VP-ir)

hypothalamic area, the arcuate nucleus and the medial pre-

optic area. Palkovits et al.[74] studied the origin of the galanin-ir

Knife-cut lesion studieg63] revealed that after trans- fibers in the hypothalamo-hypophyseal system and found
section of the dorsal (noradrenergic) bundle galanin-ir fine galanin-ir cell bodies which projected to the internal layer
fibers were almost completely depleted in the hippocampal of the median eminence and the posterior pituitary located
formation, with the exception of fine fibers in proximity to in the supraoptic, magnocellular paraventricular and acces-
the pyramidal and granule cell layers (contained in cholin- sory magnocellular nuclei. The coexistence of galanin-ir and
ergic fibers). Coarse and punctate fibers in the hippocampusVP-ir has been demonstrated within the majority of magno-
appeared to be unaffected, with the exception of the mostcellular neurons of the hypothalamic paraventricular nucleus
lateral area of the dentate gyrus, where the normally denseand also within a considerable number of parvocellular neu-
fine punctate fibers seemed to be depleted. Therefore, mostons[60,78,90] in addition to the accessory magnocellular
of the fine galanin-ir fibers in the hippocampus appear to cells of the lateral hypothalamus and the supraoptic nucleus
originate from the locus coeruleus and thus coexist with [78,90] This is of special interest, as the neuronal distribu-
norepinephrine. These fibers reach the hippocampus pri-tion of the galanin-ir and VP-ir nerves in the posterior part
marily through the supracallosal striae, fimbria and ventral of the pituitary seems to completely overlap. Furthermore,
route just lateral and caudal to the diagonal band. It is in- depletion of both peptides from the posterior pituitary fol-
triguing that a classical dual innervation of cholinergic and lowing water deprivation and salt loading has been demon-
adrenergic nerves to the hippocampus both coexist with strated90]. Rékaeus et a[78], using in situ hybridization,
galanin. In addition, many dorsal raphe cells which contain found levels of mMRNA encoded preprogalanin elevated in
both 5-HT-ir and galanin-ir somata project nerve fibers to the paraventricular and supraoptic nuclei of Brattleboro (di-

the hippocampufs0]. abetes insipidus) rats, but RIA levels of galanin decreased

in the posterior pituitary. The authors suggested that in Brat-
4.3. Galanin coexisting with GABA—galanin-ir and tleboro rats the production and secretion of galanin are en-
glutamic acid decarboxylase-ir (GAD-ir) hanced.

Galanin-ir was also found to coexist with glutamic acid 4.6. Galanin-ir and cholecystokinin-ir (CCK-ir)
decarboxylase-ir (GAD-ir)58] in the posterior levels of the
arcuate nucleus and the external layers of the median em- A system of spinothalamic neurons containing both
inence. The tuberal and caudal magnocellular nuclei of the galanin-ir and CCK-ir has been identifigéll]. Cell bodies
hypothalamus also contained both galanin-ir and GAD-ir. of this system are located in the lumbar segments of the
However, compared with GAD-ir neurons, galanin-ir neu- spinal cord at levels L1-L5. They are preferentially local-
rons were sparse. True blue injection into the occipital ized dorsal and lateral to the central canal. These cells send
cortex revealed that some of the galanin-ir neurons of the processes via the ventral part of the lateral funiculus to the
caudal magnocellular nucleus of the mamillary body project caudal thalamus. Transsection experiments and retrograde

to the occipital cortex. labeling indicated that the spinothalamic galanin—CCK-ir
projection represents a crossed pathway. This fiber bundle
4.4. Galanin coexisting with other biogenic appeared to traverse the region dorsal to the lemniscus me-
amines—galanin-ir and serotonin—galanin-ir and histidine dialis and medially at the level of the fasciculus retroflexus
decarboxylase-ir (HD-ir) and could be traced back to the central gray at the level of

the dorsal raphe. Skofitsch and Jacobo##&] reported that
Most major nuclei containing serotonin-ir (5-HT-ir) also this long oblique dorsolateral projection was reminiscent
contained galanin-if60]. A large portion of the dorsal  of the dorsal and ventral noradrenergic pathways described
raphe and ventrally located mesencephalic somata con-previously [28,29,36,73] It was therefore suggested that
tained galanin-ir and 5-HT-ir, as did the raphe obscurus this pathway contained noradrenergic—galanin coexisting
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processes from the locus coeruleus and A4 somata in ad-2.
dition to possible ventral projections from the Al, A2 and
C1 cells cocontained with galanin. At the posterior ventral 3.
thalamus level, Ju et aJ40] presented evidence that the 4.
galanin—CCK pathway disappeared after complete transsecb.
tion of the spinal cord, thus indicating that this projection
emanates from cells in the spinal cord. However, the possi-
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Regulation of the release of biogenic amines in the hy-
pothalamug57].

Release of growth hormon2,3,5,57,65,71]

Release of prolactif#5,57]

Release of luteinizing hormone in the steroid-primed
ovariectomized raf79].

bility that spinal lesions result in the destruction of sensory
inputs to monoaminergic cell groups, thereby resulting in
the reduction of mMRNA required for peptide synthesis,

Chan-Palay[4] first observed a hyperinnervation of
galanin fibers in the human basal forebrain of Alzheimer’s
disease patients. This suggests a possible role for galanin

in the cholinergic dysfunction characteristic of this disease.

Galanin also has been thought to be involved in other neu-
ronal functions such as learning and memdgo0], epileptic
activity [54-56] nociception[50], spinal reflexes and feed-
ing [46-48]

Wrenn and Crawley100] reviewed the pharmacological
evidence supporting a role for galanin in cognition and af-
fect:

should not be overlooked.

4.7. Multiple coexistence of galanin-ir—galanin-ir and
sensory neuropeptides

Galanin-ir was found to be contained in capsaicin-sensitive
primary afferent C-fibers in the medulla oblongata and the
spinal cord of rat§6,86]. Among the variety of neuropep-
tides in these areas which are sensitive to capsaicin—e.g.,1. Galanin is localized in brain pathways involved in both
substance P, neurokinin A, cholecystokinin, somatostatin,  cognition and affect.
vasoactive intestinal polypeptide, corticotrophin releas- 2. Galanin has inhibitory actions on a variety of mem-
ing factor, calcitonin gene-related peptide (for review, see  ory tasks including the Morris water maze, delayed

[84])—galanin-ir was found to be colocalized with sub-
stance P (SP) and/or calcitonin gene-related peptide (CGRP)
within the same cells of the dorsal horn ganglion of [di)]

and rat{40]. CGRP was previously found to be localized in 3,
large-diameter motor neurons (type A cells) and together
with SP-ir in small-diameter type B cells that belong to 4,

nonmatching to position, T-maze delayed alternation,
starburst maze, passive avoidance, active avoidance, and
spontaneous alternation.

Galanin may inhibit learning and memory by inhibiting
neurotransmitter release and neuronal firing rate.

primary sensory afferenf84]. Virtually all SP-ir neurons
were found to contain CGRP-ir. Recently it was demon-
strated that almost all of the comparatively few galanin-ir

neurons in the dorsal root ganglia also contain SP-ir and 5,

CGRP-ir [19,40] This multiple coexistence is of special
interest in view of the generation of nociceptive impulses
from primary sensory neurons.

4.8. Galanin-ir, TH-ir and growth hormone releasing
factor-ir (GRF-ir)

The coexistence of galanin-ir and TH-ir in neurons of the
anterior arcuate nucleus has been repofiefl. Some of
these neurons also seem to cocontain GRF-ir, which is o
special interest in view of the capability of galanin to release
growth hormone from the anterior pituitary in man and rat
[1,57,65,71] Murakami et al[65] presented evidence which
suggests that galanin-induced GH secretion is at least partl
mediated by GRF.

5. Physiology and behavior
Galanin as a multi-functional neuropepti@3]—galanin
alters the release of several neurotransmitters:

1. Inhibition of release of acetylcholine in the hippocampus
[18].

Two signal transduction mechanisms through which
galanin exerts its inhibitory actions are the inhibition of
phosphatidyl inositol hydrolysis and the inhibition of
adenylate cyclase.

Galanin released during periods of burst firing from nora-
drenergic locus coeruleus terminals in the ventral tegmen-
tal area (VTA) may lead to symptoms of depression
through inhibition of dopaminergic VTA neurons.
Intraventricular galanin has anxiolytic effects in a pun-
ished drinking test. Intra-amygdala galanin has anxio-
genic effects in a punished drinking test.

The recent production of galanin knockout and over-
expressing transgenic mice has resulted in new insights
into the physiological actions of this peptifi€01]. These
initial studies have provided evidence that galanin acts
as a developmental and trophic factor to subsets of neu-

rons in the nervous and neuroendocrine systems. Fewer
cholinergic basal forebrain neurons and memory deficits
yWere observed in galanin knockout mice, whereas mice
overexpressing galanin display hyperinnervatin of basal
forebrain and memory deficit®,10,94] Recent work on
galanin receptor subtype (GAL-R1) in mice with a null

mutation in the galanin-R1 gene has revealed that galanin
exerts anxiolytic actions under conditions of relatively high
stresq26].

An intriguing hypothesis has been put forward by Weiss
et al.[99]. They describe a “hypothesis that attempts to ac-
count for how changes in noradrenergic systems in the brain

f
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can affect depression-related behaviors and symptoms. It iscontaining neurons of the hindbraj@8,29,37] The more
hypothesized that increased activity of the locus coeruleusrostral dorsal bundle carries the A6-locus coeruleus axons.
(LC) neurons, the principal norepinephrine (NE)-containing Galanin-containing fibers were observed in the region of
cells in the brain, causes release of galanin in the ventralthe ventral noradrenergic bundle. Transection of the no-
tegmental area (VTA) from LC axon terminals in which radrenergic ventral bundle produced changes in dopamin-
galanin is colocalized with NE. It is proposed that galanin ergic systems suggesting a noradrenergic—dopaminergic
release in VTA inhibits the activity of dopaminergic cellbod- interaction. Unilateral ventral bundle transection increased
ies in this region whose axons project to forebrain, thereby dopamine concentrations in the substantia nigra and ventral
resulting in two of the principal symptoms seen in depres- tegmental are67]. These results indicate a broad projec-
sion, decreased motor activation and decreased appreciatiotion field for the noradrenergic ventral bundle and suggest
of pleasurable stimuli (anhedonia). The genesis of this hy- a noradrenergic—dopaminergic interaction.
pothesis, which derives from studies using an animal model
of depression is described as well as recent data consis-
tent with the hypothesis. The formulation proposed suggests6. Conclusion and future trends
that galanin antagonists may be of therapeutic benefit in the
treatment of depression.” After a decade of mapping the localization of a variety of
Harro and Orelan{21] also implicate the locus coeruleus CNS neuropeptidg84,35,68,69,81-83,85,87-89,91,93,96]
in their speculative discourse concerning depression as ait has become evident that because of the ubiquitous local-
spreading adjustment disorder of monoaminergic neurons.ization of the cells and fiber plexuses, a single function can-
They suggest that the “primary defect emerges in the reg- not be attributed to any one peptide. When receptor binding
ulation of firing rates in brainstem monoaminergic neu- sites for peptides have been mapped (see 8§,87,90),
rons, which brings about a decrease in the tonic release ofthere is generally observed a good correlation with the im-
neurotransmitters in their projection areas, an increase inmunocytochemical distribution of nerve fibers, except for
postsynaptic sensitivity and concomitantly, exaggerated re-occasional mismatcheg®2]. The presence of nerves and
sponses to acute increases in the presynaptic firing rate andbinding sites in brain areas with established functions im-
transmitter release.” Prior work has revealed that the cen- plicates a role for the peptides in these regions. For lack of
tral gray-containing dorsal raphe cells and ventral tegmen- detailed information regarding peptidergic mechanisms of
tal area are innervated by fibers that arise from the locus action, it has been reasonable to suggest a broad general-
coeruleus and the ventral noradrenergic pathy{&8;77] ization that neuropeptides somehow ‘modulate’ a variety of
Therefore it is reasonable to suggest that dysregulation ofbehavioral activities in the brain.
the locus coeruleus and hindbrain noradrenergic cells may Several studies have uncovered the functional role of
lead in turn to dysregulation of serotonergic and dopamin- galanin in the central nervous system. The observation
ergic neurotransmission. In this regard it is interesting that that galanin coexists with acetylcholine in septal-basal
there is frequently locus coeruleus neuronal degeneration inforebrain neurons which project to the hippocampus has
Parkinson’s disease. Parkinson’s patients are oftentimes diimplicated this peptide in the release of acetylcholine from
agnosed with depression. the ventral hippocampal are§$8,61,62] This poses the
It was also suggested that dysregulation of neuropeptides,question of involvement of galanin in Alzheimer's dis-
neuropeptide Y, substance P and galanin, peptides that areease[3]. In the hypothalamus—median eminence complex,
contained within the locus coeuleus or in close proximity galanin has been implicated in the release mechanism of
[96], may reinforce the locus coeruleus dysfunction and thus growth hormone and prolactin from the anterior pituitary, in
further weaken the adaptivity to stressful stimuli. addition to hypothalamic involvement in feeding behavior
We would suggest that a noradrenergic—dopaminergic [3,5,45,46,57,65,71]The presence of galanin in the primary
interaction also results from noradrenergic nerves which sensory neurons in the spinal cord appears to be involved
emanate from the ventral catecholaminergic pathway. Cell in influencing nociceptive impulseg6,19,40,42,51,52,
bodies responsible for this projection emanate from the 59,87,88,91]
cells in the hindbrain (nucleus of the solitary tract, lateral ~ An approach to the study of peptide function is to learn
reticular nucleus]73]. These nuclei contain dense clusters about the dynamics of neuropeptide biosynthesis. This
of galanin immunoreactive cells and a very dense innerva- can be accomplished by the use of hybridization histo-
tion of galanin-containing fibers. The nucleus of the solitary chemistry[98]. Generally, but with some exceptions, neu-
tract (nucleus tractus solitarii, also known as the A2 cell ropeptide mRNA in situ hybridization results match the
group) and the lateral reticular nucleus (which contains the localization of peptide somata observed by immunocyto-
Al noradrenergic neurons) colocalized with tyrosine hy- chemistry. However, quantitative autoradiography is very
doxylase[60] and DBH was found to coexist with galanin  useful for the examination of neuropeptide gene expres-
in the Al cells. sion in the central nervous system. In particular, in situ
The ventral bundle is the “pipeline” of the noradrener- hybridization histochemistry has its greatest usefulness in
gic axons that emanate from Al and A2 norepinephrine- its ability to obtain an index of peptide biosynthesis at the
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level of the single neuron or cell group. Physiological or the synthesis of the peptides (gene expression) at different
pharmacological manipulations reveal alterations in gene brain regions is probably influenced by these neural inputs
expressiorf95]. in addition to the effects of circulating hormones. There-

Because of the widespread localization of neuropeptide fore, a meaningful pursuit of the dynamics of peptides and
cell body groupings (nuclei) in the CNS, it is likely that they other neurochemicals is at the discrete brain level studies by
are innervated by different afferent inputs. The regulation of histochemical means.

List of abbreviations

10 Dorsal motor nucleus of the vagus —3.72 t0—5.50
12 Hypoglossal nucleus —3.72 t0—5.60
12n Root of hypoglossal nerve —3.72 t0—-5.30
2n Optic nerve 10.20-9.20

3 Oculomotor nucleus 2.96-1.96

3n Oculomotor nerve or its root 3.40-2.96
3PC Oculomotor nucleus, parvocellular part 2.96-1.96
3V 3rd ventricle 9.20-4.20

4 Trochlear nucleus 1.70

4n Trochlear nerve or its root 3.20-0.70
4V 4th ventricle —0.16 to—4.30
4x Trochlear decussation —0.16 to—0.30
6 Abducens nucleus —1.04 to—1.80
6n Root of abducens nerve —0.16 to—1.52
7 Facial nucleus —1.30t0—2.60
n Facial nerve or its root —0.68t0—1.30
8cn Cochlear root of the vestibulocochlear nerve —1.04 to—1.30
8Gn Vestibulocochlear ganglion —-1.30

8n Vestibulocochlear nerve —1.80 to—2.60
8vn Vestibular root of the vestibulocochlear nerve —0.68 to—1.52
9n Glossopharyngeal nerve —2.80

Al Al noradrenaline cells —4.68 t0—5.30
A2 A2 noradrenaline cells —5.08 t0o—5.30
Ad A4 noradrenaline cells —1.52t0-2.30
A5 A5 noradrenaline cells 0.28 t62.00
A7 A7 noradrenaline cells 0.28-0.20
A8 A8 dopamine cells 2.28-1.96
AA Anterior amygdaloid area 8.20

AAD Anterior amygdaloid area, dorsal part 8.08-7.60
AAV Anterior amygdaloid area, ventral part 8.08-7.60
AC Anterior commissural nucleus 8.20-8.08
ac Anterior commissure 8.74-8.60
aca Anterior commissure, anterior part 12.20-9.20
Acb Accumbens nucleus 11.70

AcbC Accumbens nucleus, core 11.20-9.70
AcbSh Accumbens nucleus, shell 11.20-9.70
Acc Accessory neurosecretory nuclei 6.88

aci Anterior commissure, intrabulbar part 14.20-12.70
ACo Anterior cortical amygdaloid nucleus 8.08-6.20
acp Anterior commissure, posterior part 8.74-8.08
Acs Accessory nucleus of the ventral horn C1-C5
Acsb Accessory trigeminal nucleus —0.68 t0—-0.80
Acs6 Accessory abducens nucleus -0.80

Acs7 Accessory facial nucleus —1.30t0—2.30
AD Anterodorsal thalamic nucleus 7.70-6.88
AF Amygdaloid fissure 5.40-2.96
AHA Anterior hypothalamic area, anterior part 7.70-7.60



AHC
AHIAL
AHIPM
AHP
Al

AL

al

alv
AM
Amb
AMPO
Ang
AOB
AOD
AOE
AOL
AOM
AOP
AQV
AP
APir
APMF
APTD
APTV
Aq

ar

Arc
asc?
AStr
Atg
AV
AVDM
AVPO
AVVL

B9
BAC
BAOT
Bar
bas
BIC
bic
BLA
BLP
BLV
BM
BMA
BMP
bp
bsc
BST
BSTI
BSTIA
BSTL
BSTLD
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Anterior hypothalamic area, central part
Amygdalohippocampal area, anterolateral part
Amygdalohippocampal area, posteromedial part
Anterior hypothalamic area, posterior part
Agranular insular cortex

Nucleus of the ansa lenticularis

Ansa lenticularis

Alveus of the hippocampus

Anteromedial thalamic nucleus

Ambiguus nucleus

Anterior medial preoptic nucleus

Angular thalamic nucleus

Accessory olfactory bulb

Anterior olfactory nucleus, dorsal part

Anterior olfactory nucleus, external part
Anterior olfactory nucleus, lateral part

Anterior olfactory nucleus, medial part

Anterior olfactory nucleus, posterior part
Anterior olfactory nucleus, ventral part

Area postrema

Amygdalopiriform transition area
Ansoparamedian fissure

Anterior pretectal nucleus, dorsal part
Anterior pretectal nucleus, ventral part
Aqueduct(Sylvius)

Acoustic radiation

Arcuate hypothalamic nucleus

Ascending fibers of the facial nerve
Amygdalostriatal transition area

Anterior tegmental nucleus
Anteroventral thalamic nucleus
Anteroventral thalamic nucleus, dorsomedial part
Anteroventral preoptic nucleus
Anteroventral thalamic nucleus, ventrolateral part
Basal nucleus of Meynert

B9 5-hydroxytryptamine cells

Bed nucleus of the anterior commissure

Bed nucleus of the accessory olfactory tract
Barrington’s nucleus

Basilar artery

Nucleus of the brachium of the inferior colliculus
Brachium of the inferior colliculus

Basolateral amygdaloid nucleus, anterior part
Basolateral amygdaloid nucleus, posterior part
Basolateral amygdaloid nucleus, ventral part
Basomedial amygdaloid nucleus

Basomedial amygdaloid nucleus, anterior part
Basomedial amygdaloid nucleus, posterior part
Brachium pontis

Brachium of the superior colliculus

Bed nucleus of the stria terminalis

Bed nucleus of the stria terminalis, intermediate division
Bed nucleus of the stria terminals, intraamygdaloid division

Bed nucleus of the stria terminals, lateral division

Bed nucleus of the stria terminals, lateral division dorsal part
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7.20
5.40-4.70
4.84-2.96
6.88-6.70
14.70-7.70
6.70
7.20-5.70
6.88-2.96
7.70-6.88

—2.60 t0o—4.80

8.74-8.60
6.44-6.20
15.20-14.20
14.20-13.20
15.20-14.20
15.20-13.20
14.20-12.70
12.20-11.70
14.20-12.70

—4.68 t0o—5.08

4.84-2.96

—4.24 t0—-4.80

4.84-3.70
4.48-3.70
3.80-0.70
4.70-4.48
6.88-4.48

—2.30

7.20-5.40
1.36-1.00
8.08
7.70-7.20
8.74-8.60
7.70-7.20
8.20-5.86
2.20-1.96
8.20
7.20-6.70

—0.16 t0—0.80

2.70te2.60
2.28-1.00
2.28-1.00
7.20-5.70
6.70-4.84
6.88-5.70
6.20-5.86
6.88-6.44
5.70-4.84
2.28-1.00
4.84-2.96
9.48
8.74-8.60
6.44-5.20
9.20
8.74-8.60
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BSTLJ
BSTLP
BSTLV
BSTMA
BSTMPI
BSTMPL
BSTMPM
BSTS
BSTV
Ci1

Cc2

C3
CAl
CA2
CA3
CB

Cb

cc

CcC
CeC
CeL
CelLC
CelLCn
Cem
CeMAD
CeMPV
cg

CG
Col
Cg2
Cg3
CGA
CGD
CGLD
CGLV
CGM
CGPn
ChP
Cl

CiC
cic

Cl

CL

Cli

cll

CM
CnF
Cop
cp
CPu
Crusl
Crus2
csc
CST
cst

ctg
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Bed nucleus of the stria terminalis, lateral division, juxtacapsular part
Bed nucleus of the stria terminalis, lateral division, posterior part
Bed nucleus of the stria terminalis, lateral division, ventral part
Bed nucleus of the stria terminalis, medial division, anterior part
Bed nucleus of the stria terminalis, medial division, posterointermediate part
Bed nucleus of the stria terminalis, medial division, posterolateral part
Bed nucleus of the stria terminalis, medial division, posteromedial part
Bed nucleus of the stria terminalis, supracapsular division

Bed nucleus of the stria terminalis, ventral division

C1 adrenaline cells

C2 adrenaline cells

C3 adrenaline cells

Fields of Ammon’s horn

Fields of Ammon’s horn

Fields of Ammon’s horn

Cell bridges of the ventral striatum

Cerebellum

Corpus callosum

Central cana

Central cervical nucleus

Central amygdaloid nucleus, lateral division

Central amygdaloid nucleus, lateral division, capsular part
Central amygdaloid nucleus, lateral division, central part
Central amygdaloid nucleus, medial division

Central amygdaloid nucleus, medial division, anterodorsal part
Central amygdaloid nucleus, medial division, posteroventral part
Cingulum

Central (periagueductal) gray

Cingulate cortex, area 1

Cingulate cortex, area 2

Cingulate cortex, area 3

Central gray, alpha part

Central gray, dorsal part

Cenrtal gray, lateral dorsal part

Central gray, lateral ventral part

Central gray, medial part

Central gray of the pons

Choroid plexus

Caudal interstitial nucleus of the medial longitudinal fasciculus
Central nucleus of the inferior colliculus

Commissure of the inferior colliculus

Claustrum

Centrolateral thalamic nucleus

Caudal linear nucleus of the raphe

Commissure of the lateral lemniscus

Central medial thalamic nucleus

Cuneiform nucleus

Copula of the pyramis

Cerebral peduncle, basal part

Caudate putamen (striatum)

Crusl of the ansiform lobule

Crus?2 of the ansiform lobule

Commissure of the superior colliculus

Nucleus of the commmissural stria terminalis

Commissural stria terminalis

Central tegmental tract

8.74-8.60
8.20
8.74-8.60
9.20-8.60
8.20-8.08
8.20-7.60
8.20-8.08
7.70-7.20
9.20-8.60
—2.60 to—5.08
—2.60 t0—4.30
—2.60 t0—3.80
7.20-2.20
7.20-2.20
7.20-2.20
10.00-9.20
0.20 te-0.30
9.48-4.48
—4.68 to C5
C1-C5
7.20-6.20
6.88-6.44
6.88-6.44
6.88-6.20
6.88
6.88-6.44
10.60-3.20
3.80-0.20
13.70-7.70
10.70-7.70
13.70-11.20
—0.68 t0—0.80
3.40-0.70
1.36-1.00
1.36-1.00
3.20-1.00
—0.68
—4.24
—1.80 t0—3.80
0.204®.68
0.70-0.20
12.20-7.60
6.70-5.20
2.96-1.36
1.00-0.28
7.60-5.20
0.70-0.20
—2.80t0-5.30
5.20-1.96
11.20-5.20
—0.68 t0—3.80
—2.60 to—4.80
3.80-2.70
8.60
7.20-6.20
4.20-1.36
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cu
CVL
Cx
CxA
D3V
DA
das
DC
DCIC
dcs
DEn
df

DG
DHC
dhc
DI

Dk

dif
DLG
DLL
DM
DMC
DMD
DMSp5
DMTg
Do
DP
DpG
DPGi
DpMe
DPO
DpWh
DR

dr
Dsc
dsc
DT
DTg
dtg
DTgP
dtgx
DTr

E5
ec
ECIC
Ecu
eml
EP
EPI
ERS
Eth
EW

—h
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Cuneate nucleus

Cuneate fasciculus

Caudoventrolateral reticular nucleus
Cerebral cortex

Cortex-amygdala transition zone

Dorsal 3rd ventricle

Dorsal hypothalamic area

Dorsal acoustic stria

Dorsal cochlear nucleus

Dorsal cortex of the inferior colliculus
Dorsal corticospinal tract

Dorsal endopiriform nucleus

Dorsal fornix

Dentate gyrus

Nucleus of the dorsal hippocampal commissure
Dorsal hippocampal commissure
Dysgranular insular cortex

Nucleus of the Darkschewitsch

Dorsal longitudinal fasciculus

Dorsal lateral geniculate nucleus

Dorsal nucleus of the lateral lemniscus
Dorsomedial hypothalmic nucleus
Dorsomedial hypothalamic nucleus, compact part
Dorsomedial hypothalamic nucleus, diffuse part
Dorsomedial spinal trigeminal nucleus
Dorsomedial tegmental area

Dorsal hypothalamic nucleus

Dorsal peduncular cortex

Deep gray layer of the superior colliculus
Dorsal paragigantocellular nucleus

Deep mesencephalic nucleus

Dorsal periolivary region

Deep white layer of the superior colliculus
Dorsal raphe nucleus

Dorsal root of spinal nerve

Lamina dissecans of the enthorhinal cortex
Dorsal spinocerebellar tract

Dorsal terminal nucleus of the accessory optic tract

Dorsal tegmental nucleus

Dorsal tegmental bundle

Dorsal tegmental nucleus, pericentral part
Dorsal tegmental decussation

Dorsal transition zone

Ependyma and subependymal layer
Ectotrigeminal nucleus

External capsule

External cortex of the inferior colliculus
External cuneate nucleus

External medullary lamina
Entopeduncular nucleus

External plexiform layer of the olfactory bulb
Epirubrospinal nucleus

Ethmoid thalamic nucleus
Edinger-Westphal nucleus

Nucleus of the fields of Forel

Fornix
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—3.72t0-5.60
—4.24 t0—-5.60
—4.68 to—5.60
—0.16 to—0.80
8.74-7.20
8.08-4.70
6.88-5.70
—2.00t0—-2.30
—1.30to—2.60
0.28 t60.80
Cl1-C5
11.20-2.96
8.74-4.20
7.20-2.20
6.88-6.44
7.20-3.70
10.20-8.70
4.20-3.20
4.20-1.36
5.40-3.70
0.70-0.20
5.86—4.84
5.70
6.44-5.70
—1.52t0—3.80
—0.16 to—0.80
5.86
12.20-11.20
2.96-1.00
—1.80t0—3.30
3.80-1.96
0.20 t60.80
2.96-1.00
1.96 60.30
C1-C5
2.20-0.28
—3.72 t0-5.60
2.96-2.70
—0.16 t0—0.30
3.8010.20
0.28 @30
2.96-2.20
12.70
15.70-11.70
—-3.72t0-3.80
10.70-4.48
1.36 £0.80
—2.60 t0—4.30
7.20-5.20
6.88-5.70
15.70-14.20
1.36
4.48-4.20
3.80-2.20
4.84-4.48
8.74-4.48
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FC
fi
FL
FI
fmi
fr
Frl
Fr2
Fr3
FStr
FVe

g7
gce
Geb5
Gem
Gl
Gi
GIiA
Giv
Gl
GP
Gr
or
GrA
GrC
GrDG
Gu
hbc
HDB
HiF
Hil
HL

15

ia
IAD
IAM
IBI
ic
ICF
ICj
ICjM
icp

IG
IGL
IGr
Il

IL
ILL
IM
IMA
IMD
IMG
iml
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Fasciola cinereum

Fimbria of the hippocampus

Forelimb area of the cortex

Flocculus

Forceps minor of the corpus callosum
Fasciculus retroflexus

Frontal cortex, area 1

Frontal cortex, area 2

Frontal cortex, area 3

Fundus striati

F cell gray of the vestibular complex
Gelatinosus thalamic nucleus

Genu of the facilal nerve

Genu of the corpus callosum

Gelatinous layer of the caudal spinal trigeminal nucleus
Gemini hypothalamic nucleus

Granular insular cortex

Gigantocellular reticular nucleus
Gigantocellular reticular nucleus, alpha part
Gigantocellular reticular nucleus, ventral part
Glomerular layer of the olfactory bulb
Globus pallidus

Gracile nucleus

Gracile fasciculus

Granular cell layer of the accessory bulb
Granular layer of the cochlear nuclei
Granular layer of the dentate gyrus
Gustatory thalamic nucleus

Habenular commissure

Nucleus of the horizontal limb of the diagonal band
Hippocampal fissure

Hilus of the dentate gyrus

Hindlimb area of the cortex

Intercalated nuclei of the amygdala
Intertrigeminal nucleus

Internal arcuate fibers

Interanterodorsal thalamic nucleus
Interanteromedial thalamic nucleus

Inner blade of the dentate gyrus

Internal capsule

Intercrural fissure

Islands of Calleja

Islands of Calleja, major island

Inferior cerebellar peduncle (restiform body)
Interfascicular nucleus

Indusium griseum

Intergeniculate leaf

Internal granular layer of the olfactory bulb

Intermediate interstitial nucleus of the medial longitudinal fasciculus

Infralimbic cortex

Intermediate nucleus of the lateral lemniscus
Intercalated amygdaloid nucleus, main part
Intramedullary thalamic area
Intermediodorsal thalamic nucleus
Amygdaloid intramedullary gray

Internal medullary lamina

5.70-3.70
7.70-4.70
10.20-7.70
—0.30 to—1.52
11.70-10.60
5.40-3.40
12.70-5.70
14.20-5.70
12.70-10.70
10.70-7.60
—-3.30t0—-3.72
7.20-5.86
—1.30t0—2.00
10.60-9.70
—4.80
5.20-4.48
10.70-7.70
—1.30 t0—4.30
—1.30 to—2.60
—2.80 t0—3.80
15.70-14.70
8.74-5.70
—4.68 t0—5.60
C1-C5
15.20-14.70
—0.30 to—2.30
5.20-2.20
5.40-4.84
4.84-4.20
9.70-7.60
5.86-1.96
5.20
8.70-5.70
8.20-7.20
—0.16 t0—0.68
—4.80 to—5.08
7.70-7.60
7.20-6.70
4.84-4.70
8.74-4.48
—2.60 to—3.80
11.70-8.60
10.20-9.70
—1.0t0—-3.80
3.80-3.40
10.70-4.48
4.84-4.20
15.70-14.20
—0.30 t0—0.80
12.20-11.20
1.20-0.70
6.88
4.84-3.70
6.70-5.20
6.88-6.44
6.88-5.70



IMLF
IMLFG
imvc
In
InCo
Inf
InfS
InG
InM
IntA
IntDL
IntDM
IntG
IntP
InWh
I0A
I0B
I0Be
I0C
10D
IODM
IOK
IOM
IOPr
IOVL
IPA
IPC
IPDL
IPDM
IPF
IPi

IPI
IPR
IPRL
ipt

Irt

X

KF

La

LA

lab
LaDL
Lat
LatC
LatPC
LaVL
LavM
LC

Ld
LDDM
LDTg
LDTgV
LDVL
Ifp

Ifu
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Interstitial nucleus of the medial longitudinal fasciculus 4.20-2.70
Interstitial nucleus of the medial longitudinal fasciculus, greater part 3.80-2.70
Intermedioventral thalamic commissure 5.70
Intercalated nucleus of the medulla —3.72t0-3.80
Intercollicular nucleus 1.70-1.00
Infracerebellar nucleus —2.00 to—2.30
Infundibular stem 5.40-4.84
Intermediate gray layer of the superior colliculus 3.40-1.00
Intermedius nucleus of the medulla —4.68
Interposed cerebellar nucleus, anterior part —1.80to—2.60
Interposed cerebellar nucleus, dorsolateral part —-2.30
Interposed cerebellar nucleus, dorsomedial part —2.30
Intermediate geniculate nucleus 4.20
Interposed cerebellar nucleus, posterior part —2.60t0—2.80
Intermediate white layer of the superior colliculus 3.40-1.00
Inferior olive, subnucleus A of the medial nucleus —4.24 t0—-5.30
Inferior olive, subnucleus B of the medial nucleus —4.24 t0-5.60
Inferior olive, beta nucleus —4.24 t10—-4.80
Inferior olive, subnucleus C of the medial nucleus —4.24 t0-5.08
Inferior olive, dorsal nucleus 2.80 t04.80
Inferior olive, dorsomedial cell group —-3.72t0-3.80
Inferior olive, cap of Kooy of the medial nucleus —4.68 t0—5.08
Inferior olive, medial nucleus —2.80t0—-3.80
Inferior olive, principal nucleus —2.80t0—4.30
Inferior olive, ventrolateral protrusion —4.24 t10—-4.30
Interpeduncular nucleus, apical subnucleus 2.28-1.96
Interpeduncular nucleus, caudal subnucleus 3.40-1.96
Interpeduncular nucleus, dorsolateral subnucleus 2.96-2.70
Interpeduncular nucleus, dorsomedial subnucleus 3.40-2.20
Interpeduncular fossa 3.80-3.70
Interpeduncular nucleus, intermediate subnucleus 2.96-1.96
Internal plexiform layer of the olfactory bulb 15.70-14.20
Interpeduncular nucleus, rostral subnucleus 3.40-2.70
Interpeduncular nucleus, rostrolateral subnucleus 3.40-3.20
Interpedunculotegmental tract 1.96
Intermediate reticular nucleus —1.30t0o—4.30
Juxtarestiform body —-1.80
Nucleus K 0.28-0.20
Kolliker-fuse nucleus 0.28-0.20
Lateral amygdaloid nucleus 6.70-6.44
Lateroanterior hypothalamic nucleus 7.70-7.60
Longitudinal association bundle 6.44-6.20
Lateral amygdaloid nucleus, dorsal part 7.20-4.84
Lateral (dentate) cerebellar nucleus —1.52 t0o—2.60
Latreal cervical nucleus C1-C5
Lateral cerebellar nucleus, parvocellular part —2.30t0—2.60
Lateral amygdaloid nucleus, ventral part 6.20-5.40
Lateral amygdaloid nucleus, ventromedial part 6.20-4.84
Locus coeruleus —0.16 to—1.52
Lambdoid septal zone 9.70-9.20
Laterodorsal thalamic nucleus, dorsomedial part 6.88-5.70
Laterodorsal tegmental nucleus 0.28+6.30
Laterodorsal tegmental nucleus, ventral part 0.28-0.20
Laterodorsal thalamic nucleus, ventrolateral part 7.20-5.40
Longitudinal fasciculus of the pons 1.70-1.00

Lateral funiculus of the spinal cord C1-C5
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LH
LHb
LHbL
LHbM
Li

I

LLF
LM
LMol

LO
LOT
LPB
LPBS
LPGi
LPLC
LPLC
LPLR
LPMC
LPMR
LPO
LR4V
LRt
LRtPC
LRtS5
LSD
LSI
Lso
LSV
LT

Itg

Lv
Lve
LVPO
Ivs

m5
MA3
mch
MCLH
mcp
MCPC
MCPO
MD
MDC
MdD
MDL
MDM
MDPL
MdV
Me
ME
Me5
me5
MeAD
MeAV
Med
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Lateral hypothalamic area

Lateral habenular nucleus

Lateral habenular nucleus, lateral part

Lateral habenular nucleus, medial part

Linear nucleus of the medulla

Lateral lemniscus

Lateral lemniscal fields

Lateral mammillary nucleus

Lacunosonum moleculare layer of the hippocampus
Lateral olfactory tract

Lateral orbital cortex

Nucleus of the olfactory tract

Lateral parabrachial nucleus

Lateral parabrachial nucleus, superior part

Lateral paragigantocellular nucleus

Lateral posterior thalamic nucleus, laterocaudal part
Lateral posterior thalamic nucleus, laterocaudal part
Lateral posterior thalamic nucleus, laterorostral part
Lateral posterior thalamic nucleus, mediocaudal part
Lateral posterior thalamic nucleus, mediorostral part
Lateral preoptic area

Lateral recess of the 4th ventricle

Lateral reticular nucleus

Lateral reticular nucleus, parvocellular part

Lateral reticular nucleus, subtrigeminal part

Lateral septal nucleus, dorsal part

Lateral septal nucleus, intermediate part

Lateral superior olive

Lateral septal nucleus, ventral part

Lateral terminal nucleus of the accessory optic tract
Lateral tegmental tract

Lateral ventricle

Lateral vestibular nucleus

Lateroventral periolivary nucleus

Lateral vestibulospinal tract

Motor root of the trigeminal nerve

Medial accessory oculomotor nucleus

Medial corticohypothalamic tract

Magnocellular nucleus of the lateral hypothalamus
Middle cerebellar peduncle

Magnocellular nucleus of the posterior commissure
Magnocellular preoptic nucleus

Mediodorsal thalamic nucleus

Mediodorsal thalamic nucleus, central part
Medullary reticular nucleus, dorsal part
Mediodorsal thalamic nucleus, lateral part
Mediodorsal thalamic nucleus, medial part
Medodorsal thalamic nucleus, paralaminar part
Medullary reticular nucleus, ventral part

Medial amygdaloid nucleus

Median eminence

Mesencephalic trigeminal nucleus

Mesencephalic trigeminal tract

Medial amygdaloid nucleus, anterodorsal part
Medial amygdaloid nucleus, anteroventral part
Medial (fastigial) cerebellar nucleus

7.70-4.48
6.88-6.20
5.86-4.84
5.86-4.84
—-3.30t0-3.72
1.70-0.20
0.28
4.48-4.20
5.20
15.20-7.60
14.20-11.20
8.08-7.20
0.28-t©.80
0.28-0.20
—1.30 t0—3.80
4.48-3.70
4.48-3.70
5.20-4.48
4.48-3.20
6.20-4.48
8.74-8.08
—0.30 t0—3.30
—4.24 t0—5.60
—4.24 t0—-5.60
—4.24 t0—4.30
10.20-8.08
10.70-8.60
0.20te1.04
10.70-8.60
3.80-3.40
2.70-1.70
11.20-4.48
—1.30 t0—2.30
0.28 +d1.04
-1.80
2.28 t060.80
3.70-3.20
8.20-8.08
6.20-5.70
1.70+d.04
4,20-3.70
8.74-7.20
7.20-5.40
6.70-5.70
—4.68 t0—5.60
6.88-5.40
6.70-5.70
6.44
—4.68 t0—5.60
6.44-6.20
6.88-5.70
2.28-0.04
2.28+44.04
6.88-6.70
6.88-6.70
—2.30t0—2.80



MedDL
MePD
MePV
mfb
mfba
mfbb
MG
MGD
MGM
MGV
MHb
Mi
MiA
Min
MiTg
ML

ML

mlf
MM
MMn
MnA
MnPO
MnR
MO
Mo5
Mol
MP
mp
MPA
MPB
MPO
MPOC
MPT
MRe
MS
MSO
mt

MT
mtg
MTu
MVe
MVeV
MVPO
MZMG

Obex
OBl

oc
OC1B
OC1M
Oc2L
Oc2L
Oc2ML
Oc2ML
Oc2MM
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Medial cerebellar nucleus, dorsolateral protuberance
Medial amygdaloid nucleus, posterodorsal part
Medial amygdaloid nucleus, posteroventral part
Medial forebrain bundle

Medial forebrain bundle, ‘a’ component
Medial forebrain bundle, ‘b’ component
Medial geniculate nucleus

Medial geniculate nucleus, dorsal part
Medial geniculate nucleus, medial part
Medial geniculate nucleus, ventral part
Medial habenular nucleus

Mitral cell layer of the olfactory bulb

Mitral cell layer of the accessory olfactory bulb
Minimus nucleus

Microcellular tegmental nucleus

Medial mammillary nucleus, lateral part
Medial lemniscus

Medial mammillary nucleus, lateral part
Medial longitudinal fasciculus

Medial mammillary nucleus, medial part
Medial mammillary nucleus, median part
Median accessory nucleus of the medulla
Median preoptic nucleus

Medial raphe nucleus

Medial orbital cortex

Motor trigeminal nucleus

Molecular layer of the dentate gyrus
Medial mammillary nucleus, posterior part
Mammillary peduncle

Medial preoptic area

Medial parabrachial nucleus

Medial preoptic nucleus

Medial preoptic nucleus, central part
Medial pretectal nucleus

Mammillary recess of the 3rd ventricle
Medial septal nucleus

Medial superior olive

Mammillothalamic tract

Medial terminal nucleus of the accessory optic tract
Mammillotegmental tract

Medial tuberal nucleus

Medial vestibular nucleus

Medial vestibular nucleus, ventral part
Medioventral periolivary nucleus

Marginal zone of the medial geniculate
Nucleus O

Obex

Outer blade of the dentalte gyrus
Olivocerebellar tract

Occipital cortex area 1, binocular part
Occipital cortex area 1, monocular part
Occipital cortex area 2, lateral part
Occipital cortex area 2, lateral part
Occipital cortex area 2, mediolateral part
Occipital cortex area 2, mediolateral part
Occipital cortex area 2, mediomedial part
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—2.60
6.44-5.70
6.20-5.40

8.08-4.20
11.70-8.20
9.70-8.20
2.28-2.20
4.20-2.70
4.20-2.70
4.20-2.70
7.20-4.70
15.70-14.20
14.70
3.40
1.96-1.00
4.48-4.20
5.86—4.30
4.48-4.20
3.40 te5.60
4.70-4.20
4.70-4.48
—5.60
8.74-8.60
1.70-0.70
14.20-12.70
0.20 te0.80
5.20
4.20-3.40
4.48-3.20
8.74-7.60
0.281d..04
8.20-8.08
8.20-8.08
3.70
4.84-4.48
10.20-8.74
0.28 te-1.04
7.20-4.20
3.80-3.70
4.70-3.70
5.86-5.40

—1.30 to—3.80

—1.52 t0o—-2.96

0.28 te1.04
3.80-2.96

—0.68 to—0.80

—5.30

4.84-4.70

—3.72t0—-4.30

3.2040.30
3.2010.30
5.20+60.30
5.2046.30
5.20-2.20
5.20-2.20
5.20-0.70
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Oc2MM
Ocb
ON
Op
opt
OPT
Or
oT
ov
(0)'¢
P5
P7
Pa4d
Pa5
Pa6
PaAP
PaDC
PaLM
PaMP
PaPo
Par 1
Par 2
PaVv
PBG
PC
pc
PCF
PCGS
PCom
PCRt
PCRtA
PCTg
pd
PDR
PDTg
Pe
PeF
PF
PFI
PH

P
PIL
Pir
PiRe
PL
PLCo
PLd
PLF
PLi
Pli
PM
PMCo
PMD
PMn
PMR
PMV
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Occipital cortex area 2, mediomedial part
Olivocochlear bundle

Olfactory nerve layer

Optic nerve layer of the superior colliculus

Optic tract

Olivary pretectal nucleus

Oriens layer of the hippocampus

Nucleus of the optic tract
Olfactory ventricle

Optic chiasma

Peritrigeminal zone

Perifacial zone

Paratrochlear

Paratrigeminal nucleus

Paraabducens nucleus

Paraventricular hypothalamic nucleus, anterior parvocellular part
Paraventricular hypothalamic nucleus, dorsomedial cap
Paraventricular hypothalamic nucleus, lateral magnocellular part
Paraventricular hypothalamic nucleus, parvocellular part
Paraventricular hypothalamic nucleus, posterior part
Pariental cortex, area 1

Pariental cortex, area 2

Paraventricular hypothalamic nucleus, ventral part
Parabigeminal nucleus

Paracentral thalamic nucleus

Posterior commissure

Precommisural fissure

Paracochlear glial substance

Nucleus of the posterior commissure
Parvocellular reticularis nucleus

Parvocellular reticularis nucleus, alpha part
Paracollicular tegmentum

Predorsal bundle

Paradorsal raphe nucleus

Posterodorsal tegmental nucleus

Periventricular hypothalamic nucleus

Perifornical nucleus

Parafascicular thalamic nucleus

Paraflocculus

Posterior hypothalamic area

Pineal gland

Posterior intralaminar thalamic nucleus

Piriform cortex

Pineal recess

Paralemniscal nucleus

Posterolateral cortical amygdaloid nucleus (C2)
Paralambdoid septal nucleus

Posterolateral fissure

Posterior limitans thalamic nucleus

Posterior limitans thalamic nucleus

Paramedian lobule

Posteromedial cortical amygdaloid nucleus
Premammillary nucleus, dorsal part

Paramedian reticularis nucleus

Paramedian raphe nucleus

Premammillary nucleus, ventral part

5.20-0.70
—0.68 t0—1.30
15.70-14.70
3.40-1.00
7.20-3.70
4.48-3.70
5.20
3.80-2.96
15.70-11.70
7.20-3.70
0.28 t60.80
—1.30 to—2.60
1.70-1.36
—3.72 10—4.30
—1.04 t0o—1.30
7.70-7.60
7.20
7.20
7.20-6.88
6.88-6.70
11.70-3.70
9.20-5.70
7.20
1.96-1.00
7.70-5.40
4.20-3.70
—1.04 t0—2.30
—0.68 to—1.04
3.80-3.70
—2.60 t0—4.30
—1.04 t0—2.30
—0.30 to—0.68
—0.68 t0—3.30
1.00
—0.68 to—1.04
8.741.20
6.20-5.40
5.20-4.48
—0.20 t0—2.96
5.40-4.70
0.70
4.20-2.96
12.70-4.48
4.48-3.20
1.70-0.70
6.70-4.48
9.20
—0.68 to—1.30
4.20-3.20
4.20-3.20
—3.30t0-5.30
5.86-2.96
4.84-4.70
—3.72t0—4.80
1.36-0.17
5.20-4.84



PN
Pn
PnC
PnO
PnVv
Po
PoDG
PoMn
PoT
POT
PP
PPF
PPT
PPTg

Pr5
Pr5DM
Pr5VL
prb
Prb
PrC
PRh
Pr

PS
PSF
Psol
PT
PV

pv
PVA
PVP
Py

py
pyx

Rad
Ramb
Rbd
RCh
Re
RelC
Reth
RF
Rh
RI
RL
RIi
RMC
RMg
Ro
Rob
Rpa
RpC
RPN
RPO
RR
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Paranigral nucleus 3.80-3.20
Pontine nuclei 2.28-1.00
Pontine reticular nucleus, caudal part —0.16 to—1.30
Pontine reticular nucleus, oral part 1.70-0.20
Pontine reticular nucleus, ventral part —0.16 to—1.04
Posterior thalamic nuclear group 6.44-4.48
Polymorph layer of the dentate gyrus 6.44-2.70
Posteromedian thalamic nuclear 5.20
Posterior thalamic nuclear group, triangular part 4.48-3.20
Posterior thalamic nuclear group, triangular part 4.48-3.20
Parapeduncular nucleus 4.20-2.96
Prepyramidal fissure —3.72t0-5.08
Posterior pretectal nucleus 3.80-3.20
Pedunculopontine tegmental nucleus 2.28-0.70
Prerubral field 4.84-3.80
Principal sensory trigeminal nucleus 0.28
Principal sensory trigeminal nucleus, dorsomedial part —0.30 to—1.04
Principal sensory trigeminal nucleus, ventrolateral part 0.201®4
Probst’s bundle —1.04 to—4.68
Nucleus of the Probst's bundle —4.24t10—4.68
Precommissural nucleus 4.70-4.48
Perirhinal cortex 7.20 t60.30
Prepositus nucleus —1.80t0—3.30
Parastrial nucleus 8.74-8.60
Posterior superior fissure —0.80 to—2.00
Parasolitary nucleus —4.24 t0—-4.68
Paratenial thalamic nucleus 8.08-7.20
Paraventricular thalamic nucleus 6.70-6.20
Periventricular fiber system 4.84-4.48
Paraventricular thalamic nucleus, anterior part 8.08-6.88-1
Paraventricular thalamic nucleus, posterior part 5.86-4.48
Pyramidal cell layer of the hippocampus 5.20
Pyramidal tract 0.70 te-5.08
Pyramidal decussation —5.30 to—5.60
Red nucleus 3.20
Stratum of the hippocampus 5.20
Retroambiguus nucleus —5.08 to—5.60
Rhabdoid nucleus 2.20-0.70
Retrochiasmatic area 7.20
Reuniens thalamic nucleus 7.70-5.70
Recess of the inferior colliculus 0.28 .30
Retroethmoid nucleus 3.80-3.70
Rhinal fissure 14.20-1.00
Rhomboid thalamic nucleus 7.70-5.70
Rostral interstitial nucleus of the medial longitudinal fasciculus 4.70-4.20
Retrolemniscal nucleus —0.16

Rostral linear nucleus of the raphe 3.80-3.20
Red nucleus, magnocellular part 3.40-2.70
Raphe magnus nucleus —0.16 to—2.60
Nucleus of Roller —3.72t0—4.80
Raphe obscurus nucleus —2.60 t0—5.30
Raphe pallidus (postpyramidal raphe) nucleus —0.80 to—5.08
Red nucleus, parvocellular part 3.70-2.70
Raphe pontis nucleus 0.28-t0®.30
Rostral periolivary region 1.00-0.28

Retrorubral nucleus 1.96-1.36
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RRF
rs
RSA
RSG
Rt
RtTg
RtTgP
RVL
s5
sag
Sc
SC
scc
SCh
SCO
scp
SF
SFi
SFO
SG
Sge
SHi
SHy
Sl
Sim
SM
sm
SMT
SNC
SNL
SNR
So
Sol
sol
SolC
SolG
SolL
SolM
SOR
SOX
sp5
Sp5C
Spb5l
Sp50
SPF
SPFPC
SPFPC
Sph
SPO
SPTg
SpVve
SStr
st
StA
Stg
STh
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Retrorubral field

Rubrospinal tract

Retrosplenial agranular cortex

Retrosplenial granular cortex

Reticular thalamic nucleus
Reticulotegmental nucleus of the pons
Reticulotegmental nucleus of the pons, pericentral part

Rostroventrolateral reticular nucleus
Sensory root of the trigeminal nerve
Sagulum nucleus

Scaphoid thalamic nucleus

Superior colliculus

Splenium of the corpus callosum
Suprachiasmatic nucleus

Subcommissural organ

Superior cerebellar peduncle

Secondary fissure

Septofimbrial nucleus

Subfornical organ

Suprageniculate thalamic nucleus
Supragenual nucleus

Septohippocampal nucleus
Septohypothalamic nucleus

Substantia innominata

Simple lobule

Nucleus of the stria medullaris

Stria medullaris of the thalamus
Submammillothalamic nucleus

Substantia nigra, compact part

Substantia nigra, lateral part

Substantia nigra, reticular part

Supraoptic nucleus

Nucleus of the solitary tract

Solitary tract

Nucleus of the solitary tract, commissural tract
Nucleus of the solitary tract, gelatinous tract
Nucleus of the solitary tract, lateral part
Nucleus of the solitary tract, medial part
Supraoptic nucleus, retrochiasmatic (diffuse) part
Supraoptic decussation

Spinal trigeminal tract

Spinal trigeminal nucleus, caudal part
Spinal trigeminal nucleus, interpolar part
Spinal trigeminal nucleus, oral part
Subparafascicular thalamic nucleus
Subparafascicular thalamic nucleus, parvocellular part
Subparafascicular thalamic nucleus, parvocellular part
Sphenoid nucleus

Superoir paraolivary nucleus
Subpeduncular tegmental nucleus

Spinal vestibular nucleus

Substriatal area

Stria terminalis

Strial part of the preoptic area

Stigmoid hypothalamic nucleus
Subthalamic nucleus

2.28-1.96
2.28t62.30
7.206.30
7.20-1.20
7.70-4.84
1.36-0.70
1.36-0.70
—2.30t0-5.08
2.70-46.80
0.70 t0.16
4.48
3.70
4.20-3.70
8.08-7.60
4.20
6.44-19.00
—3.72t0-5.30
8.74-8.08
8.20-7.60
4,20-2.70
—-1.30to—1.52
10.70-9.20
8.74-8.60
8.74-6.88
—0.30 to—2.60
7.70-7.60
8.20-4.84
4.84-4.70
4.20-2.70
3.80-2.96
4.48-2.70
8.20-7.20
—1.52 to—5.60
—2.60 to—5.60
—4.68 t0—5.60
—-4.30
—2.96 t0—4.30
—2.96 t0—4.30
6.88-5.86
7.20-4.48
—1.04 to—5.60
—4.68 t0—5.60
—2.80t0—4.80
—1.04 to—2.60
5.20-4.84
4.70-4.20
4.70-4.20
—0.68 t0—0.80
0.28-14.04
1.36-0.70
—2.00t0—3.30
8.08-7.60
8.74-5.20
8.74-8.60
6.88-6.70
5.40-4.70



StHy
str
Su3
Su5
SubB
SubCA
SubCD
SubCV
SubG
Subl
SuG
SuM
sumx
SuS
SuVe
TC

Te
Tel
Te2
Te3
tfp

™
TMC
TS

ts

TT

Tu
TuPI
TuPo
TuPy
TZ

1z

unc
vaf
VCA
VCP
VDB
VEN
vfu
vhc
VL
VLGMC
VLGPC
VLL
VLO
VLPB
VLTg

VMH
VMHC
VMHDM
VMHVL
VmnF
VN

VO

VP
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Striohypothalamic nucleus

Superior thalamic nucleus

Supraoculomotor central gray

Supratrigeminal nucleus

Subbrachial nucleus
Subcoeruleus nucleus, alpha part
Subcoeruleus nucleus, dorsal part
Subcoeruleus nucleus, ventral part
Subgeniculate nucleus

Subincertal nucleus

Superficial gray layer of the superior colliculus
Supramammillary nucleus

Supramammillary decussation

Superior salivatory nucleus

Superior vestibular nucleus

Tuber cinereum area

Terete hypothalamic nucleus

Temporal cortex area 1

Temporal cortex, area 2

Temporal cortex, area 3

Transverse fibers of the pons
Tuberomammillary nucleus

Tuberal magnocellular nucleus
Triangular septal nucleus

Tectospinal tract

Tenia tecta

Olfactory tubercle

Olfactory tubercle, plexiform layer

Olfactory tubercle, polymorph layer

Olfactory tubercle, pyramidal layer

Nucleus of the trapezoid body

Trapezoid body

Unicate fasciculus

Ventral amygdalofugal pathway

Ventral cochlear nucleus, anterior part

Ventral cochlear nucleus, posterior part
Nucleus of the vertical limb of the diagonal blend
Ventral endopiriform nucleus

Ventral funiculus of the spinal cord

Ventral hippocampal commisure

Ventrolateral thalamic nucleus

Ventral lateral geniculate nucleus, magnocellular part
Ventral lateral geniculate nucleus, parvocellular part
Ventral nucleus of the lateral lemniscus
Ventrolateral orbital cortex

Ventrolateral parabrachial nucleus

\Ventrolateral tegmental area

Ventromedial thalamic nucleus

Ventromedial hypothalamic nucleus
Ventromedial hypothalamic nucleus, central part
Ventromedial hypothalamic nucleus, dorsomedial part
Ventromedial hypothalamic nucleus, ventrolateral part
Ventralmedian fissure of the spinal cord
Vomeronasal nerve layer

Ventral orbital cortex

Ventral pallidum

461

8.20-8.08
4.84-4.20
2.96-1.96
0.204®.30
2.28-1.70
—0.16 t0—0.80
0.28Q8B0
0.28 080
4.84-4.48
6.20-5.40
3.40-1.00
4.84-4.20
4.70-4.20
—-1.52
—1.04 to—2.00
7.20-5.70
5.70-4.84
5.20-2.70
2.20-0.70
5.20-2.70
2.70-1.00
5.20-4.70
5.20-4.84
8.20-7.20
2.28-0.20
13.20-2.70
12.20-8.20
11.70
11.70
11.70
0.70 al.04
0.70-1.80
—1.04 to—1.52
6.88
0.20+.30
—1.52 t0—-2.30
10.20-9.20
9.20-5.40
C1-C5
8.20-7.60
7.20-5.86
4.84-4.20
4.84-4.20
1.36-0.70
13.20-11.20
—0.16
1.00-0.70
7.20-5.40
6.88-5.40
5.86-5.70
5.86-5.70
5.86-5.70
C1-C5
15.20-14.70
14.20-12.70
11.20-8.08
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VPL Ventral posterolateral thalamic nucleus 6.88-4.84
VPM Ventral posteromedial thalamic nucleus 6.70-4.70
vr Ventral root of spinal nerve C1-C5

VsC Ventral spinocerebellar tract 0.28+d.04
VTA Ventral tegmental area (Tsai) 4.20-2.20
VTg Ventral tegmental nucleus (Gudda) 0.70-0.20
vigx Ventral tegmental decussation 2.28-2.20
VTRZ Visual tegmental relay zone 3.80-3.40

X Nucleus X —2.00 to—3.80
XCsp Decussation of the superior cerebellar peduncle 1.96-1.00
Xi Xiphoid thalamic nucleus 6.88-6.70

Y Nucleus Y —2.00t0—2.30
z Nucleus Z —4.24

VA Zona incerta 7.20-4.20
ZID Zona incerta, dorsal part 5.40-4.48
ZIV Zona incerta, ventral part 5.40-4.48
ZL Zona limitans 9.70

Zo Zonal layer of the superior colliculus 3.40-1.00
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